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(54) Method for producing a semiconductor thin film by a separation step and solar cell 
production method 

(57) When a semiconductor layer formed via a sep- 
aration layer on a substrate is supported by a support 
member and a pulling force is then exerted on the sup- 
port member to mechanically break the separation layer 
to thereby form a thin-film semiconductor, the substrate 
is held by vacuum and/or electrostatic attachment and 
separation of the thin-film epitaxial layer is initiated from 
an area other than an edge of the substrate. This pro- 
vides a method capable of obtaining the thin-film epitax- 
ial layer with excellent characteristics in a good yield 
and permitting repetitive uses of the substrate, without 
inducing lifting of the substrate due to the separation 
force overcoming the attaching force of the substrate 
when producing a semiconductor base material and a 
solar cell. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Invention 5 

[0001] The present invention relates to a method of 
producing a semiconductor base material and, more 
particularly, to a method of producing a solar cell by 
depositing a thin-film crystal layer on a low-cost sub- 10 
strate. 

Related Background Art 

[0002] There is the known technology of forming a is 
thin-film semiconductor layer on a porous layer formed 
on a semiconductor substrate, thereafter breaking the 
porous layer to separate the thin-film semiconductor 
layer from the substrate, and using the semiconductor 
substrate after the separation, again for the formation of 20 
a thin-film semiconductor layer. Since this technology 
permits effective utilization of materials, inexpensive 
thin-film semiconductors can be obtained with good 
quality. Methods available for the separation include 
chemical methods by etching, or physical methods mak- 25 
ing utilizing an action of ultrasonic wave, pulling force, or 
the like. 

[0003] Japanese Patent Application Laid-Open No. 
7-302889 describes a physical separation method in 
which an epitaxial layer is grown on a porous layer 30 
formed in a surface of a silicon wafer, another wafer is 
bonded to the epitaxial layer (silicon layer), and a pres- 
sure, shearing stress, ultrasonic wave, or the like is 
applied to the porous layer to effect separation. Japa- 
nese Patent Application Lard-Open No. 8-213645 as 
describes another method in which a silicon layer is ep'h 
taxially grown on a porous layer formed in the surface of 
a single-crystal silicon substrate, the back surface of the 
single-crystal silicon substrate is bonded to a jig with an 
adhesive, thereafter the epitaxial layer is bonded to 40 
another jig with an adhesive, and then a pulling force is 
applied between these two jigs to obtain a thin^iim sem- 
iconductor. Japanese Patent Application Laid-Open 
Nos. 10-189924 and No. 10-190029 describe that the 
back surface of the single-crystal silicon substrate is 45 
fixed to the jig by vacuum attachment (or chucking or 
suction), another jig is bonded to the epitaxial layer, and 
the two jigs are separated from each other to break the 
porous layer, thereby obtaining the thin-film epitaxial 
layer (and a solar cell using it). so 
[0004] For separating the thin-film epitaxial layer 
from the original semiconductor substrate by use of 
peering force, holding of the substrate is an important 
factor. For obtaining the thin-film semiconductors at a 
low cost, the original semiconductor substrate has to be ss 
used repeatedly many times. Therefore, the vacuum 
attachment and/or electrostatic attachment is consid- 
ered to be a suitable method for holding the semicon- 



ductor substrate without damage or contamination 
thereto, as described in Japanese Patent Applications 
Laid-Open No. 10-189924 and No. 10-190029. In the 
methods of initiating peeling from an edge of the sub- 
strate while holding the substrate by the vacuum attach- 
ment and/or electrostatic attachment, however, when 
the rupture strength of the porous layer is greater than a 
certain value, there are possibilities that the substrate- 
attracting force is defeated by the force necessary for 
the rupture of the porous layer, which is the pulling force 
for the separation of the thin-film semiconductor layer, 
so as to lift the substrate. When the wafer is separated 
with rolling the support member of the thin-film semi- 
conductor up around a roller, there are also possibilities 
that the wafer is broken. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to solve 
the above-stated problems, thereby providing a method 
capable of obtaining a thin-film epitaxial layer with excel- 
lent characteristics in a good yield without lifting of the 
substrate and permitting repeated uses of the substrate. 
[0006] The inventors have conducted intensive and 
extensive studies in order to solve the above problems 
and finally have accomplished the present invention. 
[0007] According to the present invention, the sub- 
strate is held by vacuum attachment and/or electrostatic 
attachment and the separation of a thin-film epitaxial 
layer is initiated from an area except for the periphery of 
the substrate. By this method, the thin-film epitaxial 
layer with excellent characteristics can be obtained in a 
good yield and the substrate can be used repeatedly 
thus permitting low-cost production. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

Figs. 1A, 1B, 1C, 1D, 1E, 1F, 1G, and 1H are step 
diagrams showing an example of the thin-film sem- 
iconductor production process according to the 
present invention, in which the process according 
to the present invention is comprised of the steps of 
Figs. 1A, 1B, 1C, 1D, 1E, 1F, 1G, and 1H; 
Figs. 2A and 2B are views showing distribution of 
force exerted upon a start of separation, wherein 
Fig. 2A shows an example of the separation of the 
thin-film semiconductor layer through the porous 
layer-at the edge of the substrate and Fig. 2B 
shows an example of the separation of the thin-film 
semiconductor layer through the porous layer in the 
central part of the substrate; 
Figs. 3A and 3B are views explaining the work in 
Example 1, wherein Rg. 3A is a plan view and Fig. 
3B a cross-sectional view; 
Figs. 4A and 4B are views explaining the work in 
Example 2, wherein Rg. 4A is a plan view and Rg. 
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4B a cross-sectional view; and 
Figs. 5A and 5B are views explaining the work in 
Example 3, wherein Rg. 5A is a plan view and Fig. 
5B a cross-sectional view. 

5 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0009] Now, preferred embodiments of the present 
invention will be described by referring to Figures 1 A to 10 
5B, wherein like elements will be referred to by Tike 
numerals. 

[001 0] A production method of semiconductor base 
material will be described with reference to Figs. 1 A to 
1H, as an embodiment of the present invention. For is 
example, an impurity is introduced into a surface of a 
single-crystal silicon wafer 101 by a method of thermal 
diffusion, ion implantation, contamination upon prepara- 
tion of the wafer, or the like, to form a p + (or n+) layer 
102, at least, in the wafer surface (Rg. 1 A). 20 
[0011] Then the impurity-introduced wafer surface 
is subjected to anodiz ation, for example, in an HF solu- 
tion. This makeVtnVsurface area porous, thereby form- 
ing a porous layer 1 03 (Rg. 1 B). Then an epitaxial layer 
comprised of single-crystal silicon (hereinafter will be 25 
referred to as a single-crystal silicon layer) 104 is grown 
by liquid phase epitaxy on the surface of the porous 
layer 103 (Rg. 1C). 

[0012] During the formation of the porous layer by 
anodization the anodization current can be changed, for 30 
example, midway from a low level to a high level, to pre- 
liminarily provide the structure of the porous layer with 
difference in density, thereby facilitating the separation 
of the single-crystal silicon layer 104 from the silicon 
wafer 1 01 through the porous layer 1 03 after the eprtax- 35 
ial growth. 

[0013] Then the single-crystal silicon layer 104 
grown on the porous layer 103 Is supported through an 
adhesiv e 105 by a support member 1 06 (Fig. 1 E). Then 
the porous layer 103 is broken to separate the single- 40 
crystal silicon layer 104 (Figs. 1F and 1G). In order to 
permit repetitive utilization of the silicon wafer, the sili- 
con wafer is held by vacuum attachment of the surface 
on the side opposite to the side of the single-crystal sil- 
icon layer and the separation is initiated from an area 45 
except for the periphery of the substrate, for example, 
from the center of the substrate (Rg. 1 D). 
[0014] When the separation is initiated from the 
edge of the substrate (Rg. 2A) and from the center of 
the substrate (Rg. 2B), the separation force Fp and so 
holding force Fv are considered to act, each as illus- 
trated, in the vertical direction in the area around thejf4p\ 
tial point S. In the figures, reference numeral(207y 
denotes a substrate holding base arid 208) denotes vac- 
uum attaching holes. As apparenrTrom the figures, 55 
when the separation is initiated from the edge, the hold- 
ing force Fv acts only on the central side of the wafer in 
the area around the initial point S. On the other hand, 
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when the separation is initiated from the center, the 
even holding force Fv acts in the area around the initial 
point S, so as to yield a strong holding force Therefore, 
even under the holding condition that the lifting of the 
wafer occurs by the separation from the edge of the 
wafer, the wafer can be held firmly without lifting by initi- 
ating the separation from the area other than the edge. 
[0015] On the occasion of separating the wafer from 
the area other than the edge, the separation can be ini- 
tiated smoothly from a desired position if a portion of the 
silicon layer is preliminarily removed, at least, in the 
separation initiating part For example, when the semi- 
conductor layer is removed along a diameter line of the 
wafer, the separated region is divided into two areas 
(Rg. 1D). Rrst, an adhesive is applied onto one area 
and the support member is bonded thereto (Rg. 1E). 
Then the separation of the area is effected from the 
region along the diameter line from which the silicon 
layer was removed, toward the wafer edge (to the right 
in the figure) (Rg. 1F). Thereafter, the other remaining 
area is also separated from the wafer in similar fashion, 
obtaining a thin-film silicon layer (Rg. 1G). 
[0016] The silicon layers 104 thus separated are 
used for the semiconductor base materials or solar cells 
after the residue of the porous layer 103 is removed as 
the occasion demands. 

[0017] As for the silicon wafer 101 after completion 
of the separation, the residue of the porous layer 103 
remaining on the surface thereof is removed or treat? 1 
by etching or the like and then the resultant wafer is 
brought again into the first step, thus permitting effective 
utilization thereof (Rg. 1H). Therefore, the vacuum 
attachment and/or electrostatic attachment without 
damage to the wafer is preferable as a method of sup- 
porting the wafer. 

[0018] Preferred conditions in the production meth- 
ods of semiconductor base material and solar cell 
according to the present invention will be described 
below in detail. Rrst, the porous layer will be described 
with an example of silicon. A hydrofluoric acid (HF) solu- 
tion is preferably used in the anodization method for for- 
mation of the porous layer 103, a solution of 
hydrochloric acid, sulfuric acid, or the like can also be 
used. With use of the HF solution, the p* (or n*) layer 
1 02 can be made porous in the HF concentration of not 
less than 10%. The current flow during the anodization 
can be properly determined, depending upon the HF 
concentration, the desired film thickness of the porous 
layer, the surface condition of the porous layer, or the 
like, and an appropriate range thereof is approximately 
1 mA/cm 2 to 1 00 mA/cm 2 . 

[001 9] When an alcohol such as ethyl alcohol or the 
like is added to the HF solution, bubbles of reaction 
product gases evolving during the anodization can be 
eliminated instantly from the reacting surface without 
agitation, whereby the porous layer can be formed uni- 
formly and efficiently. The amount of the alcohol added 
is properly determined depending upon the HF concen- 
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tration, the desired film thickness of the porous layer, or 
the surface condition of the porous layer, and, particu- 
larly, "rt is necessary to determine the amount of alcohol 
with such attention as to prevent the HF concentration 
from becoming too low. 

[0020] The density of single-crystal silicon is 2.33 
g/cm 3 , but the density of the porous layer can be varied, 
for example, in the range of 1.1 to 0.6 g/crn 3 , for exam- 
ple, by changing the concentration of the HF solution in 
the range of 50 to 20%. The porosity can also be varied 
by changing the anodization current, and increasing the 
current will also increase the porosity. 
[0021] The mechanical strength of the porous layer 
differs depending upon the porosity and is considered to 
be sufficiently lower than that of the bulk silicon. For 
example, supposing the porosity is 50%, the mechani- 
cal strength can be considered to be half of that of the 
bulk. If a substrate were bonded to the surface of the 
porous layer and if sufficient adhesion were present 
between the porous layer and the substrate, the porous 
layer would be broken by a compressive, pulling, or 
shearing force placed between the silicon wafer with the 
porous layer formed therein, and the substrate. If the 
porosity is increased further the porous layer will be 
able to be broken by a weaker force. 
[0022] Since holes are necessary for anodic reac- 
tion, the porous layer is made mainly by the anodization 
of p-type silicon in which holes are present (T. Unagami, 
J. Electrochem. Soc., vol. 127, 476 (1980)). There is, 
however, also a report that the porous layer can be 
made of low-resistance n-type silicon, on the other hand 
(R. P. Holmstrom and J. Y. Chi, Appl. Phys. Lett, vol 42, 
386 (1983)). Therefore, the porous layer is considered 
to be able to be formed of any low-resistance silicon, 
independent of the conductivity type, i.e., independent 
of either the p-type or the n-type. It is also possfole to 
effect selective formation of the porous layer depending 
upon the conductivity type; for example, only the p-type 
layer can be made porous by anodization in a dark 
place as in the FIPOS (Full Isolation by Porous Oxidized 
Silicon) process. 

[0023] When observed with a transmission electron 
microscope, the porous layer (silicon layer) resulting 
from anodization of single-crystal silicon has pores of a 
diameter of about several nm and the density of the 
porous silicon is not more than half the density of the 
single-crystal silicon. In spite of this fact, the single- 
crystalfinrty is maintained, so that an epitaxial layer can 
be grown on the porous layer (silicon layer) by thermal 
CVD, liquid phase growth, or the like. 
[0024] Further, since the porous layer includes a 
large amount of voids inside thereof, the surface area 
thereof is dramatically increased in comparison with the 
volume. As a result, the chemical etching rate thereof is 
extremely larger than the etching rates of ordinary sin- 
gle-crystal layers. 

[0025] The porous layer can also be obtained simi- 
larly by anodization using potyerystal silicon in place of 



single-crystal silicon. A crystal silicon layer can be 
grown thereon by thermal CVD, liquid phase growth, or 
the like. (In this case, partial epitaxial growth can be 
implemented corresponding to the sizes of crystal 
5 grains of pofycrystal silicon.) 

[Examples] 

[0026] The following examples are given for the pur- 
10 pose of illustration and not by way of limitation. 

(Example 1) 

[0027] Boron (B) was introduced by thermal diffu- 
15 sion into one surface of^a^ype silicon single-crystal 

substrate (silicon waf e&3oijtaving the thickness of 800 

urn and the diameter of 4 inches to form the p + layer. 

This substrate w as anodized at two lev els of current in a — . 

hydrofluoric acid solution to obtain the porous layer 302^ 
20 in the thickness of about 10 urn. The current wSSTSup^ 

plied in the density of 8 mA/cm 2 for ten minutes and 

thereafter in the density of 30 mA/cm 2 for one minute. 

The change of current on the way of the current supply 

resulted in forming a double-layer structure consisting of 
25 a porous layer of dense structure and a porous layer of 

coarse structure. 

[0028] Then the p-type silicon single-crystal sub- 
strate (silicon wafer) 301 with the porous layer 302 
formed therein was annealed at the surface tempera- 

so ture of 1050°C in a hydrogen atmosphere for one 
minute. After that the substrate was immersed in a 
metal indium solution at 900°C in which silicon was dis- 
solved to a concentration in a supersatu ration state. 
Then the solution was gradually cooled to form the epk — ^ 

35 taxial layer (hereinafter referred to as a silicon teyerf303 
in the thickness of 30 um. At this time, the surface oHhe 
substrate 301 on the side opposite to the side of the 
porous layer 302 was covered by an oxide film so as to 
repel the solution, whereby the silicon layer 303 was 

40 formed only on the surface in which the porous layer 
was formed. 

[0029] Next, after the wafer was divided into two 
areas of 70 x 34 mm 2 , solar cells were formed therein. 
First, the two areas 303-1, 303-2 of 70 x 34 mm 2 were 

45 masked and dry etching by RIE was carried out to 
remove an appropriate depth of the porous layer from 
the surface (Fig. 3A). Then the mask was removed and 
phosphorus (P) was made to diffuse into the surface of 
each 70 x 34 mm 2 spicen layer 303 to form the n + layers — l 

so Further, elertrode^3p>r and antireflection layers/&05 ) 
were formed thereon. The surface of the surjstrateSoT 
on the other side than the solar cell side was held by- — s 
vacuum attachment and a transparent adhesive (306^^ 
was applied onto the surface of the antireflection layer 

55 304 of one silicon layer 303-1 so as not to overflow into 
the removed portions and removed side surfaces. Then 
a transparent support member 307 was fixed to the sur- 
face and thereafter a force was applied to the porous 
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layer 302 from a part close to the center to separate the 
silicon layer 303-1 from the silicon substrate 301 (Fig. 
3B). A back electrode was formed on the silicon layer, 
thereby obtaining a thin-film solar cell Likewise, the 
remaining silicon layer 303-2 was also treated so as to 
form the thin-form solar cell. During the separation the 
thin-film semiconductor layer was able to be separated 
completely throughout the entire surface without fitting 
of the wafer. 

[0030] The residue of the porous layer was 
removed by etching from the silicon wafer 301 and the 
silicon wafer 301 was used repeatedly in totally five 
processes of the above-stated steps. The characteris- 
tics of the thin-film solar cells thus obtained were evalu- 
ated and it was verified thereby that they demonstrated 
high efficiency on a stable basis, regardless of the 
number of uses of the wafer. 

(Example 2) ^ \ 

[0031 J The p* type silicon wafer 401 of the diameter 
of 5 inches was subjected to the rarrent/Gupply in the 
density of 8 mA/cm 2 for ten minuteVatid thereafter in 
the density of 20 mA/cm 2 for two minutes in a manner 
similar to that in Example 1 , to form the porous JayeMCC 
in the double-layer structure, and thereafter the wafer 
was subjected to epitaxy on the both surfaces thereof by 
CVD to form epitaxial layers (silicon semiconductor lay- 
ers) 403a, 403b each in the thickness of 15 urn Then a 
diffusing agent was applied onto the surface of the epi- 
taxial layer 403a deposited on the porous layer to form 
the p + layer and thereafter the silicon layer was etched 
away in the width of 3 mm along the diameter of the 
wafer in the surfeeeof^Ktfa; ffiieretoy dividing the region 
into two areasM03sHK 403a-2 / (Fig. 4A). An etchant 
used herein ^^(kmuom<n\tT^ acid (HFrHNC^ = 
1:1). A solar cell of 4 cm 2 was produced in similar fash- 
ion to that in Example 1 , on each of the two split areas 
403a-1, 403a-2 of the epitaxtel layer and thereafter a 
transparent adhesive 404^5 applied onto the surface 
of one layer 403a-1 Wasnot to overflow. Then the sup- 
port member 405 was adhered to the surface. While 
holding the surface of the layer 403b by electrostatic 
attachment, a pulling force was applied to the support 
member to initiate the separation from the etching line 
(Fig. 4B), thereby obtaining the solar cell. The other 
layer 403a-2 was also separated in similar fashion. At 
this time, the layer was separated almost throughout the 
entire surface, without lifting of the wafer. After the resi- 
due of the porous layer was removed, the thin-film solar 
cells thus obtained were stuck to a metal member with 
an electroconductive adhesive and the characteristics 
thereof were evaluated. 

[0032] The residue of the porous layer was 
removed from the silicon wafer 401 and the silicon wafer 
401 was subjected to totally ten repetitions of the above- 
stated steps. Since the silicon layers were deposited on 
the both surfaces in every process, the wafer decrease 



equivalent to the thickness of the porous layer was com- 
pensated for thereby and there occurred no difficulties 
in handling even after many repetitions of the above 
steps. The characteristics of the solar cells thus 
5 obtained were compared and evaluated and it was veri- 
fied thereby that they demonstrated stable conversion 
efficiency, independent of the number of uses of the 
wafer. 



[0033] As in Example 1 , the p + layer was formed on 
the 5-inch silicon wafer 501 and thereafter the anodiza- 
tion was carried out by the current supply in the density 

15 of 8 mA/cm 2 for ten minutes and thereafter in the den- 
sity of 25 mA/cm 2 for one minute to form the porous 
layer 502 of the double-layer structure in the thickness 
of about 12 pm. Then the semiconductor layer was epi- 
taxially grown in the thickness of 0.5 ujm on the porous 

20 layer and thereafter P (phosphorus^rwas made to dif- 
fuse thereinto to form the n + layei(50^/ Further, an epi- 
taxial layer (single-crystal semiconductor layer) 504 was 
deposited in the thickness of 30 urn by liquid phase 
growth. Then a resist mask was formed in the square 

25 shape of 80 mm x 80 mm in the central part of the wafer 
and dry etching by RiE was effected to remove the epi- 
taxial layers (hereinafter referred to as silicon layers) 
(Fig. 5A). Then, the resist was removed, and at^he 
same time as thermal weldirjgof a metal membefsosjto 

30 the remaining silicon laye(504)w?th an Al foil, Al^toms 
were made to diffuse into theoonding surface of the sil- 
icon layer 504 to form the p+ layer. After that, the back 
surface was held by a combination of vacuum attach- 
ment and electrostatic attachment, and a force was 

as applied to the porous layer 502 to obtain a thin film. At 
this time, the separation was initiated from a position 
about 2 cm closer to the center from the edge of the 
wafer, so that the separation was implemented without 
lifting of the wafer. The residue of the porous layer 

40 remaining on the surface of the thin-film semiconductor 
layer was removed and a grid electrode was formed 
thereon. After that, an antireflection film of TK) 2 also 
having the passivation effect was deposited thereon to 
form a solar cell of 4 cm 2 and the solar cell was evalu- 

45 ated. The residue of the porous layer was etched away 
from the wafer after the separation of the thin film, and 
the wafer was subjected to totally five repetitions of the 
above-stated steps. 

[0034] The solar cells thus obtained were corn- 
so pared and evaluated, and it was verified thereby that 
they demonstrated stable efficiency, regardless of the 
number of uses of the wafer. 

[0035] When a semiconductor layer formed via a 
separation layer on a substrate is supported by a sup- 
55 port member, and a pulling force is then exerted on the 
support member to mechanically break the separation 
layer to thereby form a thin-film semiconductor, by hold- 
ing the substrate by vacuum and/or electrostatic attach- 
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ment and initiating separation of the thin-film epitaxial 
layer from an area except for an edge of the substrate, it 
is possible to prevent the separation force from over- 
coming the attaching force of the substrate to lift the 
substrate, also to attain a thin-film epitaxial layer with 5 
excellent characteristics in a good yield, and further to 
permit repetitive uses of the substrate, thereby enabling 
low-cost production. 

[0036] When a semiconductor layer formed via a 
separation layer on a substrate is supported by a sup- 10 
port member and a pulling force is then exerted on the 
support member to mechanically break the separation 
layer to thereby form a thin-film semiconductor, the sub- 
strate is held by vacuum and/or electrostatic attachment 
and separation of the thin-film epitaxial layer is initiated is 
from an area other than an edge of the substrate. This 
provides a method capable of obtaining the thin-film epi- 
taxial layer with excellent characteristics in a good yield 
and permitting repetitive uses of the substrate, without 
inducing lifting of the substrate due to the separation 20 
force overcoming the attaching force of the substrate 
when producing a semiconductor base material and a 
solar cell. 

Claims 25 

1. A method of producing a semiconductor base 
material, the method comprising steps of support- 
ing a semiconductor layer formed through a separa- 
tion layer on a substrate by a support member, x 
holding the substrate, and thereafter applying a 
pulling force to the support member to mechanically 
break the separation layer to form a thin-film semi- 
conductor, wherein the pulling force applying step is 
effected such that separation is initiated from an as 
area other than an edge of the substrate. 

2. The method according to Claim 1, wherein a thin- 
film semiconductor layer is separated while holding 

the substrate by vacuum attachment 40 

3. The method according to Claim 1 , wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by electrostatic attachment 

45 

4. The method according to Claim 1, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment and electro- 
static attachment 

50 

5. The method according to Claim 1 , wherein the sep- 
aration layer is a porous layer formed by anodiza- 
tion. 



material, the method comprising steps of support- 
ing a semiconductor layer formed through a separa- 
tion layer on a substrate by a support member, 
holding the substrate, and thereafter applying a 
pulling force to the support member to mechanically 
break the separation layer to form a thin-film semi- 
conductor, wherein the pulling force applying step is 
effected such that separation is initiated from a 
position where a force of holding the substrate is 
greater than the force of pulling the support mem- 
ber. 

8. The method according to Claim 7, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment 

9. The method according to Claim 7, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by electrostatic attachment 

10. The method according to Claim 7, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment and electro- 
static attachment 

1 1. The method according to Claim 7, wherein the sep- 
aration layer is a porous layer formed by anodiza- 
tion. 

12. The method according to Claim 7, wherein the sub- 
strate is subjected to repetitive uses. 

13w A method of producing a semiconductor base 
material, the method comprising steps of support- 
ing a semiconductor layer formed through a separa- 
tion layer on a substrate by a support member, 
holding the substrate, and thereafter applying a 
pulling force to the support member to mechanically 
break the separation layer to form a thin-film semi- 
conductor, wherein a groove is formed by removing 
the semiconductor layer and the porous layer so as 
to make at least a predetermined angle relative to a 
separation-proceeding direction and the pulling 
force applying step is effected such that separation 
is initiated from the groove. 

14. The method according to Claim 13, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment 

15. The method according to Claim 13, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by electrostatic attachment 



The method according to Claim 1 , wherein the sub- 55 
strate is subjected to repetitive uses. 

A method of producing a semiconductor base 



16. The method according to Claim 13, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment and electro- 
static attachment 
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17. The method according to Claim 13, wherein the 
separation layer is a porous layer formed by anodi- 
zation. 

18. The method according to Claim 13, wherein the s 
substrate is subjected to repetitive uses. 

19. A method of producing a solar cell, the method 
comprising steps of supporting a semiconductor 
layer formed through a separation layer on a sub- 10 
strate by a support member, holding the substrate, 
and thereafter applying a pulling force to the sup- 
port member to mechanically break the separation 
layer to form a thin-film semiconductor, wherein the 
pulling force applying step is effected such that sep- is 
aration is initiated from an area other than an edge 

of the substrate. 

20. The method according to Claim 1 9, wherein a thin- 
film semiconductor layer is separated while holding 20 
the substrate by vacuum attachment. 

21. The method according to Claim 19, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by electrostatic attachment 2s 

22. The method according to Claim 1 9, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment and electro- 
static attachment 30 

23. The method according to Claim 19, wherein the 
separation layer is a porous layer formed by anodi- 
zation. 

35 

24. The method according to Claim 19, wherein the 
substrate is subjected to repetitive uses. 

25. A method of producing a solar cell, the method 
comprising steps of supporting a semiconductor 40 
layer formed through a separation layer on a sub- 
strate by a support member, holding the substrate, 
and thereafter applying a pulling force to the sup- 
port member to mechanically break the separation 
layer to form a thin-film semiconductor, wherein the 45 
pulling force applying step is effected such that sep- 
aration is initiated from a position where a force of 
holding the substrate is greater than the force of 
pulling the support member. 

so 

26. The method according to Claim 25, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment 



2a The method according to Claim 25, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment and electro- 
static attachment 

29. The method according to Claim 25, wherein the 
separation layer is a porous layer formed by anodi- 
zation. 

3a The method according to Claim 25, wherein the 
substrate is subjected to repetitive uses. 

31. A method of producing a solar cell, the method 
comprising steps of supporting a semiconductor 
layer formed through a separation layer on a sub- 
strate by a support member, holding the substrate, 
and thereafter applying a pulling force to the sup- 
port member to mechanically break the separation 
layer to form a thin-film semiconductor, wherein a 
groove is formed by removing the semiconductor 
layer and the porous layer so as to make at least a 
predetermined angle relative to a separation-pro- 
ceeding direction and the pulling force applying 
step is effected such that separation is initiated 
from the groove. 

32. The method according to Claim 31, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment 

33. The method according to Claim 31, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by electrostatic attachment. 

34. The method according to Claim 31, wherein a thin- 
film semiconductor layer is separated while holding 
the substrate by vacuum attachment and electro- 
static attachment 

35. The method according to Claim 31, wherein the 
separation layer is a porous layer formed by anodi- 
zation. 

3a The method according to Claim 31, wherein the 
substrate is subjected to repetitive uses. 



27. The method according to Claim 25, wherein a thin- ss 
film semiconductor layer is separated while holding 
the substrate by electrostatic attachment 
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FIG. 2A 
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FIG. 4A 
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FIG. 5A 
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